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, COMPLETE SPECIFICATION 

Helicopter Rotor Correction Mechanism 



The Kaman Aircsaft Corporation^ 
a Corporation organized under the Laws of 
the State of Connectioutj United States of 
America^ of Old Windsor Road, Bkromfiddj 

5 Connecticutj United States of America^ do 
hereby declare the invention, for which we 
pray diat a patent may be granted to us, and 
the method by v?hich it £s to be p^ormed, 
to be pardcularly described in and by die 

10 following statement: — 

Desirably each blade of a amdd-bladed 
hdicf^er rotor is exacdy Jike each odier 
Wade, and when tins is so each blade during 
each rotor rotation has exacdy the same acdon 

15 as each other 'blade, both as to forces en- 
countered and applied and as to path of move- 
ment. However; the blades may iunavoid- 
ably have minor physical differences in shape 
or in material or in mounting, and when 

20 there are such phjrsical differences the blades 
may have differences in action or function. 
The rotor may have an oinbalance 
usaally resulting from a difference in lift 
bsitween one blade and another and the im- 

25 balance gives rise to an -undesirable vibra- 
tion. The unbalance or life difference ordin- 
arily results in differences in the paths of 
movement of the blade tips. A common 
procediure for at least approximately corxect- 

30 ing 'Unbalance or lift difference has been (to 
merely make whatever blade adjustments were 
necessary to bring about uniform padis of 
blade tip movement, this ordinarily being re- 
ferred to as "blade tracking" 

35 In its ibroader aspects the invention is 
applicable to a helicopter of any type, but in 
its more specific aspects the invendon is par- 
ticularly adapted for use in a helicopter of the 
type disclosed in British Spedfication No. 

40 676,3^8. 

The general object of the invention is to 
provide a mechanism or dcvke controlled from 
the fuselage for adjoisting a selected blade of 
a helicopter -rotor so that nnbalance is cor- 

lFnc0 3s. 6cH 



rected with aU of the blades of the rotor 
ordinarily "in-track", said ^unbalance cor- 
reoring mechanism being simple and reliable 
and being operable at least during rotor rota- 
tion. 

A more specific object of the invention is 
to provide an unbalance correcting means for 
die purpose stated wherein the blades of the 
rotor are movable relatively to the rotor hub 
abotEt subst^tially vertical lead-dag axes and 
wherein the correcting mechanism cormected 
with ihe selected blade is also movable rela- 
tively to said hub afcout the corresponding 
lead-lag axis. 

Another more specific object of the inven- 
tion is to provide a means for the purpose 
stated which indudes an electrically operated 
unbalance correcting mechanism carried -by 
the rotor and rotatable therewith and which 
further includes devices on the fiusdage for 
controlling said rotatable electrically <^erated 
cQschanism- 

Still another more specific ot^ect of the 
invention is to provide a means for the pur- 
pose stated which is particularly adapted for 
use in or as a part of a helicopter of the 
particular type disdosed in said SpecfficaritMi 
No. 676,398. 

Other objects of the invention wiil be 
apparent from the drawings and from the fol- 
lowing description and claims. 

In the drawings we have shown in detail 
two eoxbodknents of the invention, but it wHl 
be understood that various changes may be 
made from the construction shown, and that 
the drawings are not to be construed as defin- 
ing or limiriog the scope of the invention, the 
claims forming a part of this specification 
being relied upon for diat purpose. 

Of die accompanying drawings: — 

Fig. 1 is a perspective view of the (upper 
portion of a hdicopter having .two rotors and 
adapted for the incorporation of the present 
invention therein. 
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Fig. 2 is an enlarged plan view of a por- 
tion of one of the rotors shown in Fig. 1. 

Fig. 3 is a transverse sectional view taken 
along die line 3 — 3 of Fig. 2. 
5 Fig. 4 is a fragmentary side view of the 
rotor shown in Fig. 2. 

Fig. 5 is an enlarged vertical sectional view 
taken along the line 5 — 5 of Fig. 4. 

Fig. 6 is an enlarged fragmentary com- 
10 bined side and sectional view of a portion of 
the imbalance correcting mechanism as shown 
in Fig. 4, the left sectional portion of ihis 
view being taken along the line 6 — 6 of Fig. 
5. 

15 Fig. 7 is a combined plan and horizontal 
sectional view taken along die line 7 — 7 of 
Fig. 6. ; 

Fig. 8 is a fragmentary vertical sectKHial 
view taken along the line 8—8 of Fig. 7. 
20 Fig. 9 is a vertical sectional view taken 
along the line 9—9 <rf Fig. 7. 

Fig. 10 is a fragmentary horizontal sectional 
view taken abng the line 10—10 of Fig. 9. 
Fig. 11 is a diagram of ^eotrical conn«- 
25 tK)ns. 

Fig. 12 as a schematic fragmentary perspec- 
tive vicjw showing a mechanian en3>odying 
the invention applied to a helicopter of a 
type different from that shown in Figs. 1 to 4, 

30 "Fig. 13 is a plan view of a portion of the 
mechanism shown in Fig. 12. 

Fig. 14 is an end view of a xKJidon of die 
mechanism shown in Fig. 13, 

The invendon as to cerl^ aspects thereof 

35 is of general applicability, but as to odier 
aspects it is particularly adapted for a hdi- 
c<^er of the type disclosed in said Specifica- 
tion No. 676,398. The invention 'will be 
first described as applied to a helicopter of 

40 said type. Fig. 1 is a view showing a por- 
tion of such a helicopter, said view being taken 
from the left of the helicopter and toward 
the rear. Figs. 2, 3 and 4 show in greats 
• • detail one of the rotors of said hdicopter, 

45 Reference is made to said Specification No. 
676,398 for a more complete disclosure of 
any details not herein fully disdos^. 

The helicopter, as shown, comprises a fuse- 
lage 10 and left and light rotors 11 and 12 

50 which are connected widi left and right sup- 
porting and driving shafts 14 and 15". Said 
shafts exiend ij^wardly -from said fuselage 
10 and as shown they are spaced apart trans- 
reisely and they diverge iipwardly. ^ The 

55 said shafts are interconnected for rotation in 
unison and m opposite directions. Each 
txrtor preferably has two opposite blades and 
said rotors are so connected with the shafts 
that their blades 16, 17 and 18, 19 are in 

iSO intenneshing relationship. While the shafts 
14 and 15 &rerge and are not exactly verdcal, 
said shaifts and thdr axes of rotation will, for 
convenience, be sometimes referred «to as 
bong substantially vertical. ^ ^ . , 

65 Each blade of each rotor is connected witJi 



the corresponding shaft for movement about 
a substantially horizontal axis extending trans- 
versely of die blade. Preferably and as 
shown, .the mo blades of each rotor are con- 
nected with a common hub member so as 70 
to be in feed relationship therewith except 
for lead-lag movements, as hereinafter ex- 
plained, and the blades and hub are adapted 
for oscSlation in unison about a commran 
transverse pivotal or teeter axis. ^ 

In order that the manner of operation of 
the hereinafter described iunbalance correct- 
ing means may be fully rnxderstood^ one rotor 
and the jatch changing mechanism "dierefor, 
and more particularly for one blade thereof, 80 
will be fully described. Extending through 
horizontal apertures in the upper part of the 
shafe 14 is a horizontal pivot or teetering pin 
20 which serves to pivotally coimect the hub 
member and its blodes with the shaft, said 85 
hub member being designated 22 and^ having 
a large central aperture through which the 
upper end of the shaft extends. The teeter- 
ing pin 20 is so located with respect to the 

member that the axis of pivotal move- ^ 
ment of said hub member is at an acute angle, 
preferably about 60°, with reject to the 
longitudinal axes of die blades 16 and 17. 
The said angle is such that each end of the 
pivot pin 20 is at the leading side of die 95 
longitudinal axis of the corresponding blade. 

Two blade supports 24 and 25 are pro- 
vided at the ends of the bub member 22, 
these blade supports being connected with 
the hub member by means of vertical lead-dag 100 
hinge pins 26 and 27 for pivotal movement 
about vertical lead-lag axes. Said hinge pins 
are fixed to the respective blade supports and 
they are movable relatively to the hub mem- 
ber. The inner end or root portions of ihc 105 
blades 16 and 17 are connected with the re- 
spective blade supports. Shoulders on the 
hub member 22 Imit relative movement of 
the blade supports and the blades in either 
direction ^th respe<a to the hub mead>er. 110 
hi order that the t?wo blade supports with 
their correspraiding blades may move substan- 
tially in unison about the axes at 26 and 27^ 
said blade supports are interconnected by 
link means 28*and 29, each of the said link 115 
means being variable in length and including 
a damper which resists variations in length. 
As shown, the dampers in the said Knk means 
act frictionally, but hydrate dampers may 
be substituted if desired. The said lii^ 120 
means 28 and 29 with the dampers therein 
resist any pivotal or oscillatory movement of 
one blade support with its blade aibout the 
corresponding lag axis independently of the 
other, but the said means nevertheless per- 125 
mit such independent pivotal or oscillatory 
movements to Hmited extents. For more 
clearly showing other parts, the link 29 is 
omitted from Fig. 4. 

As has been described, the two blades are 1^ 
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preferably pivotally movable in 'onison about 
the spbstantially horizontal teetering axis of 
the pin 20 and they are also pivotally movable 
about -the substantially vertical lead-lag axes 

5 26 and 27. Jn additionj the blades are ad- 
justable abcmt -substantially radial axes extend- 
ing longitudinally of the blades (for the pur- 
pose of changes of pitcL Preferably the 
. outer end portions of the blades respectively 

10 carry auxiliary aerofoil flaps 30 and 31 which 
are angularly movable relatively to the blades 
about axes substantially parallel '"with said 
longitudinal axes of the blades. Each flap 

30 or 31 may be adjusted angularly about 
15 the corresponding -said longitud&nal axis by 

relatively mova:ble flap moving connections 
extending fnom the flaps -to the fuselage. 
When the blades 16 and 17 are rotating^ -Sie 
fiaps^ 30 and 31 serve by reason of aerody- 

20 namic forces a-c^g thereon to adjust the 
corresponding blades and to thus change die 
efLBctive pitches of the blades. The exitent 
of the changes in the effective pitches of the 
blades is dependent ttpon the angular posi- 

2* tions of the flaps as determined by their 
before-mentioned flap moving connections. 

The blades are shown as being rigidly held 
at their inner ends or root portions so as to 
prevent any relative rotative movement of 

30 said root portions a-bout axes extending Jon- 
gitudinaily of die blades. Each blade is 
initially positioned as shown in Figs. 2 and 
3, but said blade is capsble of aubstantial 
twisting about its Icmgitiuiinal main axis and 

33 with respect to its non-rotatable root portion 
so that ks effective pitch is changed as the 
restult of the twisting. The blade has tor- 
sional resiliency which tends to restore it to 
its initial normal position and shape after 

40 twisting. The bsfore-described flaps 30 and 

31 serve aerodynamicaUy to twist die blades 
and thus change the pitches thereof. 

The anounting means and the flap moving 
connections for one flap^ -that is^ the flap 30, 

45 are shotwn in detail in Figs. 2, 3 and 4. A 
bracket 32 is provided for pivotally connecting 
each flap such as 30 with the correseponding 
blade 16, and the bracket preferably fits 
around the blade. Soared to the flap 30 is 

50 a bracket 34 and this bracket is connected 
with the bracket 32 for pivolal movement 
about an axis at 36 substantially parallel -mth 
the mean axis of the blade. 

The aforesaid flap moving connections in- 

>5 dude a link or rod 38 which is kicated within 
the hoUow shaft 14 and is movable vertically. 
A similar rod 40 is provided for the flap 31 
on the blade 17. The connections between 
the rods 38 and 40 and the corresponding 

60 flaps are similar and it will be sufl&dent to 
describe in detail the connection between the 
rod 38 and the flap 30. 
• The rod 38 is connected at its upper cnii 
with one arm of a bdl craok 44 ^^ch is 

65. pivoted at 46 on die hub anesiEber 22 for 



movesnent about a horizontal axis which is 
perpendicular to the longiuudmal axis of lite 
blades when tiie corresponding blade is in 
the position shown. Tlie other aim of the 
bell cranik 44- is connected at 4S with one end 70 
of a lii& 50, the connection being such that 
the Knk can swing laterally as wdl as verti- 
cally. The opposite end of the link 50 is 
connected at 52 with a dever 54, the connec- 
tion being such as to accommodate horizon- 75 
tal sfwinging of the link. As shovm in Fig. 
5, the lever 54 has an inverted U-shape and 

15 pivotaDy connected to the blade support 24 
for movement about a horizontal pivotal axis 

56 extending transversely of the blade. A 8ff 
second lever 58 is pivoted to the blade sup- 
ptMt 24 for movement about a horizontal 
axis at 60 alsp extending transversely of the 
blade. The two levers 54 and 58 are con- 
nected by a link 61. A push-pull linik or 85 
rod 62 extends longitudinally of the blade 

16 along the leading edge thereof, the inner 
end of the linlc being pivotally connected with 
die leiver 58 at 64. The outer end of the 
rod 62 is pivotally connected at 65 with one 90 
aim of a bell crar& 66 which is pivotally con- 
nected with the bracket 32 for rotation about 

a vertical axis at 68. A link 70 is pivotally 
connected at its forwaid end at 72 with the 
other arm of the bell crank 66. The rear- 95 
ward end of the link 70 is pivotally connected 
at 74 with an extension foimed integrally 
with the bracket 34 which carries the flap 30. 

Aerodynamic action on the flaps 30 and 
31 during rotor rotation serves to apply down- 100 
Vrard f(Hces or qipward forces to the trailing 
portions of the -blades 16 and 17, the direc- 
tion of said forces bemg dependent upon the 
aerofoil shape and the angular positions of 
the flaps. For normal flight, each flap is 105 
moved relatively cbclawise from the Fig. 3 
positicHi so ^tm it has a negative effective 
pitch, and aerodynamic action on tlie flap 
during rotation serves to apply a downward 
force at the trailing portion of the correspond- HO 
ing blade. This downward force twists the 
blade in the counterclockwise direction to 
increase the positive pitch thereof, and the 
increased positive pitch tends to flex the 
entire blade upwardly witb respect to its rela- m 
tively fixed root portion. The aforesaid 
negative pitch of the flap tends to flex the 
entire blade downwardly in opposition to the 
upward flexing caused by blade pitch. The 
downward flexing tendency resulting from the UO 
flap patch is relatively small, and ithe upward 
flexing tendency prevails over the downward 
flexing tendency. When the &p is moved 
relatively counterclockwise to decrease the 
negative pitch thereof, there is a reversed or 125 
cloclcwise twisting of the bdade with a result- 
ant decreased positive blade pitch. As the 
result of the decreased blade pitch there is a 
decreased tendency for the entire blade to bt 
fiesed upwardly. 130 
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Proon the foregoing description of the flap 
acdon it will be apparent that, for each blade, 
the amoarbt of blade twisting and the result- 
ant amount of blade flexing are dependent 

5 upon 'the relative angular position of the cor- 
responding flap as detennamed by die corre- 
sponding flap moving connections which in*- 
elude the rod 38 or the rod 40. Referring 
particularly to the flap 30 and the connections 

10 therefor, it will bs observed that when the 
tod 38 is moved upwardly, the bell crank 44 
if, moved counterclockwise and the levers 54 
and 58 are swung outwardly and the push-puill 
rod 62 is moved outwardly. Outward itaove- 

13 ment of the rod 62 causes rearward movement 
of the Hnk 70, thus moving the flap 30 «Qp* 
wardly or ^clockwise to increase the negative 
flap pitch and to thus increase the posidve 
pitch cf ths blade and the upward flesing 

20 thereoL When the rod 38 is moved down- 
wardly, the described movements are reversed 
and the flap 30 is moved downwardly or 
counterclockwise to decrease the negative flap 
pitch and to thus decrease the positive pitch 

25 of the blade and the upward flexing thereof. 
The rods 38 and 40 for the flaps 30 and 
31 on the two blades of the rotor are con- 
nected with suitable means in the fuselage 
for moving th^i vertically to change the 

JO blade pitches in tiie manner described. By 
means of said rods the blade pitches may be 
changed collective^ or cydkally, all as fuUy 
explained in said Specificatwn No. 6763^8. 
The wo rods are moved iupwardJy or down- 

35 wardly in miison and to uniform extents for 
collective changes in pitch and they are 
moved upwardly or downwardly separately 
and to uniform extents for cyclic changK in 
pitch. 

40 For effecting the correction of rotor unbal- 
ance any one of the blades of the rotor is 
arbitrarily chosen as the master blade, and 
the other blades are adjusted with reference 
CO the master blade so that the blades are 

45 balanced and ordinariiy so that the dps of all 
of the blades move in the same path or at 
least substantially in the same pitch. For 
a two-bladed rotor it is only necessary to 
adjust one blade. It is recognized that, even 

50 with the blades of a helicopter rotor in 
balance, the taps of said blades do not move 
in simple cirailar paths in a stogie plane. 
On the contrary, the padi of movement of 
each blade tip is quite complex, being deter- 

55 mined by various factors, such as the tiltiag 
or teetering of the rotor about the axis 20 
during each revolution, and the cydicai 
changing of the blade pitches. However, 
notwithsmnding path complexity, the path for 

60 each blade tip under noimal conditions should 
always be the same as diat for each other 

blade. . . ^ t 

In accordance with the invention, the heli- 
copter comprises a rotor which includes at 
45 least cwo similai blades each having its inner 



portion comiected with said shaft for move- 
ment about a substantially horizontal trans- 
verse axis and the helicopter alsd comprises 
devices controlled from the fuselage for chang- 
ing die pitches of all of the rotor blades 70 
during rotation in accordance with flight re- 
quirements and the helicopter further there^ - 
with comprises a mechanism carried by mc 
rotor for rotation therewith and adapted for 
correcting rotor unbalance which mechamsm 73 
is connected with a selected blade of said 
rotor and is operable during rotor rotation for 
adjusting said selected blade to change die 
lift thereof relatively to that of each other 
blade while otherwise maintaining the pitches 00 
required for flight, and the helicopter further 
comprises contr?^l means for said correcting 
mechanian connected therewith but earned 
by said fuselage independendy of said rotor. 

More specifically and in accordance with 83 
the invendon, said rotor of the helkopter in- 
cludes a hub to which die blades are pivot- 
ally connected for movemoit about substanti- 
afly vertical lead-lag axes. When die rotor 
is constructed as last above stated, die mech- 90 
anism for correcting rotor unbalance ^ is 
mounted and connect«i not only for rotation 
vmh the hub but also for relative osdllauon 
with one of the blades about the correspond- 
ing lead4ag axis. M 

Still more specifically and in accordance 
with the invendon, said rotor of the helicopter 
includes a hub pivoted to die shaft for oscil- 
Istion aibout a substantially horizontal teeter 
axis and also includes two opposke similar loo 
blades each having its inner portion so con- 
neaed with the hub as to prevent relative 
movement about a horizontal axis. When 
the rotor is constructed as last stated, the 
mechanism for corxecjing rotor imbalance is 105 
cait^led by the hub of said rotor not only for 
rotEUon therewith but also for escalation 
therewith. 

As illustrated, the blade 17 is the chosen 
master and die blade 16 has been selected for no 
adjustment so as to compensate for any vari- 
ation from die master blade as to lift or as to 
balance or as to tracking of the blade dp. 
Preferably and as shown, the selected blade 
16 is adj^usted relatively upwardly or down- llf 
wardly as required, by adjusting the flap 30 
on said blade 16 without any corresponding 
adjustment of the flap 31 on the blade 17. 
K die blade 16 is too low, die flia/p 30 thereon 
is separately moved clockwise so as to separ- 120 
aiely increase the pitch of said blade and 
dms increase die upward flexing thereof, li 
the blade 18 is too high, the flap 30 thereon 
is separately moved counterclockwise so as 
to separately decrease the pitch of said blade 125 
and thus decrease the upward flexing thereof. 

The separate movement of the flap 30 on 
die blade 18 is effected by relatively adjust- 
ing a portion of the flap moving connection, 
without hnpairing the effectiveness of said 130 
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connectiMi for noimally moYing die flap. Pre- 
ferably and as shown, die req-iiired adjustment 
is made by moving a pivot pin 75 which pro- 
vides the pivotal axis 56 for the lever 54. As 
5 best shofwn in Figs. 5 and 6, the pin 75 is 
supported by a deeve 76 which is carried by 
the corre^onding blade stqjpont 24. The 
pin projects beyond the en<k of the sleeve 
and the legs of the U-shaped lever 54 arc 

10 mounted on lie ends of the pin by means of 
bearings 78, 78, The sleeve 76 has integral 
eccentrics 80, 80 -which fit bearing apertures 
in lie blade support 24, The sleeve 76 also 
has an integral arm 82 whidi extends down- 

15 wardJy and is connected widi a link 84. By 
means of <the liMc 84 the deeve 76 can be 
turned and by reason of its eccentric moimt- 
ing it serves to bodily move die pivot pan 
75 and the pivotal axis 56 toward the right 

20 or toward the left as viewed in Figs. 4 and 
6. When ithe pin is moved toward the 
right, the rod 62 is moved toward the right 
and tbe negative pitch of the flap 30 is de- 
creased and the upward flexing of the blade 

25 16 is decreased. When the pin is moved 
coiward the leftj the rod 62 is moved toward 
the left and tbe negative pitch of the flap 
30 is increased and -ie upward flexing of the 
blade 16 is increased. It wHl be obvious 

30 thaj: the described movement of the pin 75 
does not in any way afEect the noimal cou'trol 
of the flap and of ibe blade pitch by l2ifi 
described linkage. 

For moving the link 84 and for thus cor- 

35 rarting unbalance or lift difiermces as ex- 
plained, there is provided a mechanism, 
whkh is indicated generally by 85, carried 
by and Totataible vwth the rotor and which is 
adapted to be operated or controlled by non- 
40 lotatable means in the fuselage. As to de- 
tails, said mechanism 85 can be widely varied, 
but <me mechanism having certain advan- 
tageous features is shown and this mechan- 
ism will be particularly described, said mech- 

45 anism being shown in Figs. 6 jo 10. 

The mechanism 85 is movable witb the 
blade 16 about the corresponding lead-lag 
hange axis. Preferably and as shown, said 
mechanism 85 is carried direcdy by the cor- 

50 responding lead-lag hinge pin 26. The mech- 
anism 85 is shown as comprising a rotary 
electrical actuator unit 86^ a gearing unit 88, 
and a pivoted arm 90 carried ?vy the unit 88 
and connected with the link 84. The two 

f5 units 86 and 88 are rigidly connected witb 
each other. Inasmuch as the mechanism is 
mounted eccentrically of the axis of rotor 
rotation, a suitable counterweight, not shown, 
may be provided. 

60 The specific connection with the l^d-lag 
hinge pin 26 is best shown in Fig. 8. A 
vertical pin 92 is provided which is, in effect, 
a downward extension of the lead-lag hange 
pin. The pin 92 has a head 94 whach fits 

65 within die central opening of the lead-lag 



hinge pin. A transverse pin 95 locks the 
pin 92 in place. A nut 96 en^ges the 
threaded lower end of the hinge pin 26 fey 
hold it in place, a washer 97 bang inter- ■ 
posed batween the nut and the bottom of TO 
the hub 22. Said pin 92 extends down* 
wardly through holes in the housing of the 
actuator unit 86 and is provided at the bot- 
tom with a nut 98. Said nut 98 holds said 
actuator unit and the entire mechanism in 75 
6xed position with respect to said pin 92 
and thus in fixed position with respect to th^ 
lead-lag hinge pin 26. As before stated, 
the hinge pin is fixed to the corresponding 
blade support, and it will therefore be appar- 80 
ent ibat the unit 88 and tbe parts carried 
thereby are in fixed ireladonsiq) mth the 
blade support. 

The actuator unit 86 comprises a rotor lOO 
which includes a longitudinal shaft, oiky said 85 
shaft being shown in the drawings. Said 
shaft of the rotor has a pinion 101 at its 
outer end, as shown in Figs. 7 and 10. The 
pinion 101 meshes with a gear 102 on a 
longitudinal ^aaft 104 moumted in the gear- pQ 
ing unit and extending into die actuator unit. 
The shaft 104 carries a worm 106 "vdiich 
meshes with a worm wbeel 108 on a trans- 
verse shaft 110 mounted in bearings 112 and 
114. Hie shaft 110 prefects at the rear 95 
or at the left as viewed in Fig. 9, and said 
arm 90 is secured to the projecting end a[ 
said shaft. 

Preferaibly a svmch box 116 is mounted 
on the end face of the wit 88 and a switch . 100 
118 in said box is operated by the shaft 104, 
the switch being shown only in Kg. 11. The 
function of said sswiich 118 will be herein- 
after described in connection with Fig. 11. 
The housing of tbe gearing ^mit jwreferably 105 
has a transvcEse hole 120 communicating with 
a longtcodinal bole 122 extending to the ' 
actuating unit. ..These holes are for electrical 
wires which far convenience of illustration are 
omitted from Figs. 6 to 10. hq 

Currenc for operating the rotary actuates: 
and for dber panposes is STj5>idiod tiuxMigJi a 
cable 124 connected with rotary sU^ rings 
126 which are insulated from each other and 
are carried by the rotor sha& 14. A non- 115 
rotary structure 128 is provided adjacent the 
shaft and brashes 130 on said structajre en- 
gage and provide electrical connection widi 
said slip rings. 

The rotary actuator oi the unit 86 does not 120 
of itself constitute any part of the t^resent 
invention and the actuator is or anay be of a 
imown type. The actuator has a shiftable 
or rotatable fields and as shown in Fig. 11 
diis field is controlled by the current in tiiree 125 
conductors 132 which revolve widi the hub 
and are included in the ca/ble 124, die wires 
serving to rotate the field of the actiuaitor 
and to cause the rotor thereof to correspond- 
ingly rotate. The movaible conductors 132 130 
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are connected through the slip rings 126 and 
the 'brashes 130 with nonrotary conductors 
134. The conductors 134 are connected 
vnth means on the fuselage 10, such as a step 
5 siwitch 136 for supplying current to (the actu- 
ator in such a manner as to rotate the field 
thereof. 

The specific step switch 136 and the ^eci- 
r •? fic actuator of the controlled unit 86 do not 
constitute a part of the present invention, 
such switch and actuator being of conven- 
tional construction. Said step switch 136 
includes a rotatable dement and in accord- 
ance with recognized practice the conscruc- 
. tion and connections of the switch 136 and 

• of the actuator^ are such that the current 
transioittsd to die actuator (through the des- 
cried conductors serves to turn the r<«:or 100 
of the actuator in miison with the turning of 

'"20 jlie kbtatable element of the switch 136. In- 
asmuch as the switch and the actuator are of 
known typeS;, as before statedj no detailed 
description is necessary. 
XJWiile the invention is not so Emitedj the 
25 step switch 136 is shown as being manually 
- operable by a rotatable handle 138 on a shaft 

• 140. The switch 136 is connectable with 
the main lead 142 by a nonnally open switch 

. - 144. AJThen manually controlled tracking is 
' 10 to be effected, the pilot moves the handle 
138 longitudinally of the shaft to close the 
switch 144 and diiis connect the switch 136. 
Then the pilot turns die handle 138 in one 
direction or the other and the step switch 

if 136 causes the rotor 100 of the actuator to 
-turn at the same speed as the handle. 

The handle 138 and the parts operated 
thereby including the switch 136 constitute 
control means for the mechanism 85 for cor- 

40 rectmg unbalance^ said control means beiag 
carried by the fuselage 10 independendy of 
•the rotor 11. The conductors 134 and the 
shp rings 126 and the conductors 132 in- 
^ •• ^ eluded in the cable 124 constitute means oper- 

45 advdy connecting said control means on the 
fuselage with said correcting mechanism 85 
on the rotor for enabling said c<Mitioi means 
to control ithe operajion of said correcting 
■ mechanism during rotation of said rotor. 

50 The before-mentioned switch 118 is pre- 
ferably provided, and when provided it is 
connected with a conductor 146 in said cable 
124. Hie conductor 146 is connected 

■ ' fbmngh one of said slip rings 126 with a con- 

53 ductor 148 which in turn is connected with 
an indicator light 150. The construction 
and manner of coimection of the switch 118 
ere such that the switch is opm when the 
correcting mechanism is in any inteimediate 

60 position of adjustment. However, the switch 
is closed whenever said mechanism approaches 
either of its limits of adjustment. The clos- 
ing of the siwitch causes the lighting of the 
indicator light 150 with resulting warning to 



the pilot that a limit of correcting adjust- 43 
ment is being approached. 

^K^en the helicopter has two rotors such 
as 10 and 12^ it is necessary to provide tv.ro 
unbalance correcting mechanismSj one for 
each rotor. The parts and connections 70 
shown in Fig. 11 may be regarded as being 
for the rotor 10. Duplicate parts and_con- 
nectdons are provided for the rotor 12. 

It has been herein previously stated that 
the present invention is not limited for nse 73 
in a helicopter of the type disclosed in said 
Specification No. 676,398. In order that 
this fact may be more drarly evident, a 
helicopter of a different type is fragmentaiily 
and sdiemaricaliy disclosed in Figs. 12, 13 W 
and 14, said last-mentioned helicopter having 
a single three^Iaded rotor. 

Referring to Figs. 12, 13 and 14, die rotor 
of helKopter includes a hizb 152 having 
three aims 154, 156 and 158 equally ^aced 85 
dicumaxiaDy and ^ch having similar i^er 
and lower sections and each carrying a rotor 
blade. The blade and the connections there- 
for are the same for the said three aims, 
and only one blade 160 and its connections W 
are shown. The arm 158 has a lead-lag 
hinge pin extending between the opper and 
lower sections thereof and having a vertical 
axis at 162. A trunnion block 164 is pivct- 
ally mounted on said lead-lag hinge pin be- 95 
tween said sections of the arm 158. A yoke 
166 embraces said troinnion block and is con- 
nected therewith for movement about a hori- 
zontal flapping axis 168 pr^erably inter- 
secting the vertical lag axis 162. Tie blade 100 
160, or at least a supporting member there- 
for, is mounted on the yoke 166 for adjust- 
ment about a radial pitch axis 170, such ad- 
justment serving to change the pitch of the 
bkde. 105 

For changing the pitches erf the blades, 
each of them is provKied mdi an atm 172 
having an offset portion 174. A conven- 
tional rotary swa^ plate is provided with its 
axis coincident with the rotor axis, this plate 110 
being generally triangular and being sho^ 
schematically at 176. Substantially vertical 
Hnks enend from the swash plate 176 to the 
ofeet portions 174 of the arms 172, one of 
said liniks being shown at 178. The swash 115 
plate 176 is movable vertically or angularly, 
in accordance with conventional practice, for 
collectively or cyclically changing the pitches 
of the blades by uMvement thereof about the 
pitch axes 170. Each link 178 and its con- 130 
nection with the corresponding arm 172 arc 
preferably approximately in a vertical plane 
extending through the corresponding flap- 
ping axis 168. This arrangement ehmin- 
ates or at least minimizes any pitch variations 125 
resulting from angular movements about said 
lag and flapping axes. 

In accordance mxh the present invention 
an unbalance correcting mechanism is pro- 



871^7 



1 



vided for each of at ka-sr itwo blades of the 
threenbladed rotOTa the third blade being 
regaided as the master blade. It may be 
■ preferable to provide a correcting mechanism 
5 for each blade^ as this permits any one of 
the several blades to be regarded as the 
master. The mechanism for the? blade 160 is 
shown and the mechanism for the ojiier blade 
or blades may be a duplicate of that shown. 

10 For puiposes of explanation, the blade 160 
amy bs regarded as a blade selected for ad- 
justment to effect correction of .unbalance. 

The link 178 is not connected dixecdy 
-with dbe aim portion 174 but is conneoted 

13 indirectly therewith by means of an eccen- 
tric membea: 180. The aim portion 174 is 
bifurcated and a cylinddcal opening extends 
ttransversely axrross tbe bMurcatlons. The 
memiber 180 extends into and £.ts the said 

20 opening and Is rota/table therem. Said meflii> 
ber 180 has a recess 182 at one dde thereof 
and a t^nYot pin 184 extends across die recess. 
The u|^r end <rf the link 178 extends into 
die rQ:ess 182 in die meniber 180 and is con- 

25 nected with said pivot pdn 184. Thais the 
link is connected at an axis diat as ecceniric 
of tbe central axis of the member 180. The 
member 180 has an upwardly extending arm 
186 connected with a link 188 by means of 

30 which the maniber 180 may be* moved rota- 
tively. It will be seen diat when itbe mmi- 
ber 180 is turned in the clockwise direction 
the aim 172 is moved ^upwardly relatively to 
the pin 184 so as to decrease the pitch of die 

35 corresponding blade and to resitently came 
downward movement of tbe said blade aibout 
the flapping axis 168. When the member is 
turned in the counterdocbwise direction the 
aim 172 is moved downwardly relatively to 

40 the pin 184 so as to increase the pitch of 
the corresponding blade and to r^ultandy 
cause upward movement of said blade about 
die flafping axis 168. It will be obvious 
(that the described movement of die eccentric 

43 member 180 does not in any way affect die 
normal control of the bkde pitch by die linfc 
178. 

For moving die link 188 and for dius 
effecting correotion of unbalance^ as explained, 

50 there is provided a (mechanism which is car- 
ried by and rotatable with die rotra: and 
wMch is adapted to be operated or controlled 
by nonrotat^le means in die fuselage. When 
correction is effected by movement of a mem- 

55 ber such as 180 connected with the pitch 
control arm, said mechanism is preferably 
carried directly by said arm. As to details, 
the last said mechanism may be widely varied, 
but k may be substantially the same as the 

60 mechanism shown in Figs. 6 to 10 and already 
ifuliy desicribed. The mechanism, as shown, 
comprises an electrical actuator unit 86* and a 
gearing unit 88* similar respectively to the 
before-described units 86 and 88. These 

65 units are connected with die aim 172 at die 



top -thereof by any suitable means. A pivot 
aim 190 is provided which is similar to die 
previously described aim 90 except that it 
extends doswiuwardly from its shaft instead 
of (upwardly therefrom. Ibe lower end of 70 
the aim 190 is pivotally connected with the 
link 188. It will be obvious that, when die 
mechanism is opera-ted, die arm 190 is turned 
and the link 188 acts through the described 
mechanism to change the pitch of the blade Tf 
and thereby move it upwardly or downwardly 
about the flapping axis fox the purpose of 
effecting correction of unbalance. 

The devices and x:ircuit connections for 
controlling die last described correcting mech- 10 
an ism are not shown in detail, but they may 
be generally similar to those shown in Fag. 
11 and descrSjcd in connection therewiitb. 
When die rotor lias three blades, there aie 
correcting mecbanism for each of ajjeast cwo 85 
bkdes as previously stated, and there must 
be a separately operable control means for 
each said correcting mechanism. 

Either with a heficojpter of the tjpe shown 
in Figs. 1 to 4 or with a helicopfter of die 90 
type shown in Fig. 12, a condition of un- 
balance requiring correction may be <usuaMy 
determined by visually observing the paths of 
die tips of the rapidly rotating blades. Visual 
observation may be gready facilitated by M 
maiikhig the tips of tbe blades with diffeseent 
cobrs. As an alternative to visual detcr- 
mination of imbalance, it is frequendy pos- 
sible for die pflot to feel the vibration result- 
ing from the unbalance, correction dien being 100 
made imtil d^ vibration is eliminated. 

WHAT WE CLAIM IS:— 

1. A helicopter comprising a fuselage and 
a substantially vertical rotor drive shaft con- 
nected with die fuselage and a rotor vdiich 105 
includes at least two similar blades each hav- 
ing its ioner portion connected with said 
shaft for movement about a substantially hori- 
zontal transverse axis, devices controlled from 

the fuselage for changing the pitches of all of 110 
rotor blades during rotation in accordance 
with flight requirements, a mechanism carried 
by the rotor for rotation therewith and 
adapted^ for correcting rotor unbalance which 
mechamsm is conneoted with a selected blade 115 
of said rotor and is operable during rotor 
nxtation for adjusting said selected blade Co 
change die lift thereof relatively to that of 
each other blade while odierwise maintaining 
tbe prtches required for fligjit, control means 120 
for said correcting mechanism carried by said 
fuselage independendy of said rotor, and 
means operatively connecting said control 
means on the fuselage with saM correoting 
mechanism on the rotor for enabling said 125 
control means to control the operation ^ said 
mechanism during rotation of said rotor so 
as to separately adjust said connected blade 
in order to correct uibbalance in said rotor* 

2. A helicopter according «d Qaim 1, -wbere- 130 
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in' cKe correcting mechanism is connected 
with the pitch changing dovices and is oper- 
able during rotor rotation for changing the 
pitch of the selected blade relatively to the 
5 pi'dch of ^ch other blade. 

3. A hcHci^er acsording to CSaim 2, 
wherein the rotor inchides a hub to ■which 
die inner porjaon of each blade is coimected 
and the sdected blade has its outer or tip 

10 portion vertically adjustable relatively to said 
hub and each otiier blade in connection with 
die independent pitch adjustmKit 

4. A helicopter according to Clafm 3, 
wherein €he pdteh' changing devices include a 

15 . bell cranlk lever coimectcd by links to the 
correcting anechaniscn so tiiat tiie axis said 
bell crank is movable to. adjust the pitch of 

■ .said selected blade. 

5. A helicopter according to Qann 3 or 4, 
20 wherein die hub is pivoted on the shaft so 

chat said hub and cx)Erecdng mechanism oscil- 
late about a substantiaDy horizontal teeter 
axis. 

6. A helicopter according to Claim 3, 4 
25 or 5, wherein each blade is connected with 

. the hub for relative movement about a sub- 
stantially vertical lead-lag axiSj and tthe cor- 
recting mechanism is connected with the 
selected blade for movement in unison with 
30 said blade about the corresponding l^d-lag 
. axis. 

7. A helicopter according to any one of 
ClgwnR 3 to 6, wherein the blades have sub- 



stantially vertical lead-Jag hinge pins secured 
thereto connecting dhem with 2ie hub for 35 
relative movement about the axes of said pins^ 
and wherein die correcting ffnechanism is car- 
ried by the lead-lag hinge pin for the selected 
blade and movable widi said lead-lag hinge 
pin. ^ ^ 

8. A helicc^ear according to any one of the 
preceding claims, wherein tiie correcting mech- 
anism includes an electric actuator controlled 
by die control means which is electrical and 
carried by die fusd^e independendy of said 45 
rotor, and electrical conductors between the 
control means and the actuator enabling die 
former to control die operation of die latter 
during rotation of the rotor. 

9. A hehcopter according to any one oi 50 
Qaims 4 to 8, wherein each blade is pro- 
vided with a servo flap for the angular ad- 
justment for aerodynamic change of the pitch, 
and each said flap being operable by the cor- 
recting mechanism for die independent ad- 55 
justment. 

10. A helicopter according to Claim 9, 
wherein each flap is connected with die link? 
and die lever to effect the jritch adjustment. 

11. A hdicopter substantially as herein- fiO 
before described and as illustrated in the 
accompanying drawings. 

STEVENS, LANGNER, PARRY & 
ROLUNSON, 
Qiartered Patent Agents, 
Agents for the Applicants. 
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